This work deals with the analysis of peculiarities of formation of the hyperfine fields (HFF) at the Fe nuclei in disordered alloys metal-metalloid using the "first-principles" calculations. Some phenomenological models and justification of their usage for the interpretation of the experimental HFF distributions are discussed.
Introduction
The development of technologies for preparing materials for modern electronics requires a detailed knowledge of different local physical quantities at the atomic level. In the experimental physics the possibility to measure the local characteristics at such a scale are very limited. Among few existing methods, of special accuracy are the nuclear ones (for example, the Mossbauer spectroscopy) that measure the hyperfine magnetic fields (HFF) at nuclei. It is widely believed that these techniques can reflect some chemical and topological features of the atomic surroundings of the excited nuclei. Indeed, in numerous studies the spectra are interpreted in terms of phenomenological models considering only the nearest atomic environment (see e.g. [1] [2] [3] ). There is no doubt that such a description is often useful and efficient. We think, however, that there are some cases when such a simplified approach is not justified. Moreover, for the spectra of transition metals and alloys on their basis, the successful description within the framework of such models is rather an exception than a rule, and every time additional arguments are needed to justify these limitations.
In this work we analyze the peculiarities of formation of HFF in disordered alloys of Fe and metalloid using the "first-principles" calculations. One may consider an HFF as To avoid such a trap, one must realize how to remove the contradiction between the localized character of the description of HFF and the itinerant behavior of the d-and spelectrons in metals. At present, the solid state theory based on the "first-principles" calculations allows one not only to justify the use of some phenomenological models, but also to make them more reliable by defining the parameters from the "first-principles" calculations. [4] . The calculations were carried out by the full-potential linearized augmented plane wave method (FLAPW) using the WIEN-97 program package [5] . Some results are presented in Table 1 .
The systems were simulated on a bcc lattice which in the disordered alloys under consideration is retained within a wide concentration range [1] . by the Sn/Si atom magnetic of the surrounding Fe atoms. As shown in our paper [6] , the changes in characteristics because of this relaxation are insignificant. Though the results in Table 1 were obtained with allowance for this relaxation, we do not discuss it here.
The local magnetic moment
Hereinafter, the local magnetic moment (LMM) at Fe atom i means the spin magnetic moment over the muffin-tin (MT) sphere,
is the orbital magnetic moment, M int is the spin magnetic moment outside the MT spheres. The main contribution to the LMM comes from the d-electrons that are almost entirely inside the MT-sphere, whereas M int is formed by the s-and p-electrons and has a small negative value as compared to the LMM.
We neglect M orb , as its variations with concentration and the metalloid atoms arrangement are small and amount to less than 1 % [7] . The calculated values are two times less than the experimental ones. We believe that the actual changes of M orb do not exceed twice the calculated ones. It should be noted that the neglect of H orb requires some caution: in what follows we shall show that the changes in H orb may be quite significant amounting to 10 ÷ 15 % of the average HFF. Mention the principal features of the LMM formation.
A. The main peculiarities of the magnetic moment depend weakly on the metalloid type and, as shown in [8] , is governed by the lattice parameter, a. At equal concentrations, the lattice parameter of the Sn alloy is greater than that of the Si alloy, so the magnetic moment in the first case is greater.
B. The LMM of the Fe atom closest to the impurity is of the smallest among other values.
As noted in [8] , this difference is defined by the competition between two mechanisms: the LMM reduction due to flattening of the d-band because of the s-d hybridization that is the strongest near the impurity, and the LMM increase due to narrowing of the d-band because of a decrease of the wave function overlap. There also exists third mechanism of the LMM reduction due to the difference in the impurity-potential screening by d-electrons (the difference in pushing out the impurity levels by the bands with spin up and down) [7] .
C. The LMMs are concentration dependent. So the LMM of the Fe atom closest to the Si atom is 2.181 µ B at c=3.125 at.% (F e 31 Si), and 2.262 µ B at c=6.25 at.% (F e 15 Si) ( Table   1) .
At the same time, our "first-principles" calculations and the mathematical treatment [9] [10] testify that, to an accuracy of 10 ÷ 15%, the LMMs in disordered alloys are independent of concentration and governed by the number of nearest metalloid atoms only.
D. It is natural to expect that, with a large number of nearest metalloid atoms the LMM will considerably decrease down to zero, due strong s-d hybridization [10] .
Hyperfine magnetic fields at nuclei
The program package WIEN-97 allows one to calculate the interaction between the nucleus magnetic moment and the spin and orbital magnetic moments of the electron subsystem. The spin dipole contributions are small ( 2 ÷ 3 kGs), they are suppressed due to the symmetry relations, and the main contribution comes from the spin polarization at the with allowance for the actual magnitude of M orb may amount to 20 kGs even at low concentrations (see Table 1 ).
behaves in a more complicated way. This is primarily associated with strong delocalization of the s-and p-like electrons that interfere at sites with different magnetic and charge properties, and therefore the H val i
behavior cannot be in fact quantitatively predicted in disordered systems. However, we succeeded in revealing some qualitative regularities supported by experimental evidence. We analyzed this contribution using the simple functional relation
where F 0 is a constant describing the polarization of the valence electrons of the Fe atom at site i by its own magnetic moment, F j are factors describing the change of polarization at atom i by the metalloid atom in sphere j, j is summation over all coordination spheres (j > 0), N j is the number of metalloid atoms in sphere j. Fig.1 shows the values of and M j for the alloys F e 26 Si 6 , F e 25 Si 7 , F e 24 Si 8 , F e 23 Si 9 and F e 22 Si 10 , the second curve was calculated for the data for the alloys F e 31 Si and F e 15 Si, the third curve was received for F e 31 Sn and F e 15 Sn alloys. One can see that F j is of oscillating nature and depends on the metalloid type and concentration. This dependence reveals itself mostly at close distances, which leads to an amazing conclusion: H val may be considered, to some extent, as a linear superposition of the changes in spin polarization by distant atoms, whereas the polarization by close atoms can hardly be regarded as linear because of a significant re-distribution of the charge density which is not linear. interaction for the description of HFF resulted sometimes in reasonable conclusions for superlattice. First, for the realistic sp-electron densities, this interaction has an oscillation period close to our result (2 ÷ 3 interatomic distances, Fig.1) . Second, the spin polarization by the distant metalloid atoms may be considered additive. In the superlattices (e.g. in the DO 3 type ordered alloy F e 75±c Si 25∓c ), the possibility of a configuration of impurity (here, by an impurity is meant an atom of F e or Si which appears at a "wrong" site as compared to the totally ordered F e 3 Si alloy) atoms arrangement around the F e atom with large number of the impurity atoms in the second and third spheres may be high even at low concentration of the impurity atoms. In the light of the above, the models where the spin polarization is considered as an additive contribution from the RKKY polarization by the first sphere, are doubtful.
So far, our statements were mainly based on the "first-principles" calculations of the ordered alloys, while the disordered one were discussed. It should be mentioned that the problem of quantitative calculations of HFFs in disordered alloys remains unsolved, that is why we can examine the effect of disorder only qualitatively, using the model systems.
In our paper [8] , the effect of disorder was investigated by averaging the RKKY interaction whose parameters were determined from the "first-principles" calculations. Now we realize that such an approach should be used with caution. However, the result of this paper [8] that the decrease of the HFF magnitude should be larger than the decrease in the magnetic moment with disordering (i.e. with the increase in metalloid concentration), holds true if the behavior of the polarization by the third and most distant spheres being averaged in disordered alloys, is similar to that of Fig.1 (the positive polarization by the third sphere). Note that the decrease in H i /M i is also determined by the increase in the positive contribution of H orb with the increase of the disorder degree [12] . It is difficult to separate these contributions and to answer unambiguously why the change of this ratio is experimentally observed. 
